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|»*^ Pair on 0 „ fiitudina]]y opposed ^ 

ing compression and power qimtPt: tu . V ■ Luv e pistons (5, 6) are arranged in the cylinder; f 1 ->Unr i c . 

-P-- stroke. £^ 

(5. 6) and compnse a portion of the piston heads. 8 ^ el<5ClnCal e " er ^ The inI « valve (9) is located in the pistol 
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IMPROVEMENTS TO FREE-PISTON ENGINES 
FIELD OF THE INVENTION 
This invention relates to internal combustion engines. More 
particularly although not exclusively it discloses an 
improved form of free-piston engine. 

BACKGROUND OF THE INVENTION 
With known prior art free-piston engine's such as those 
described by M. Goertz and L. Peng in March 20.00 SAE Paper 
2000-01-0996, entitled FREE-PISTON ENGINE ITS APPLICATION AND 
OPTIMIZATION, and Galileo Research. Inc. at 
www.galileoresearch.com, 1999 entitled FREE-PISTON ENGINE- 
GENERATOR TECHNOLOGY the gas enters the combustion chamber 
via intake slots through the wall of the cylinder sleeve. 
This is typical of the method used' on most conventional two 
stroke internal combustion engines. The disadvantage of such 
intake arrangement is that as the piston rings slide over the 
intake slots (twice during each stroke) the radial support 
area is reduced and a slight ring deformation occurs. The 
deformation results from the elasticity of the unsupported 
ring material when subjected to radial forces imposed by gas 
pressure and the pre-tension in the rings. This deformation 
accelerates the wear rate of the rings and cylinder sleeve 
and is partly responsible for abandonment of the two stroke 
engine in modern passenger cars. 

It is also Known to provide a valve-in-p ist on arrangement in 
a reciprocating piston crankcase engine as described in 
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Au s tr alia „ patant appIicatio „ 630n/99 by e Weohner 

required to generate the alartri^i 

electrical power required for the 

drive wheels and energy storage cells. 

SUMMARY OF THE INVENTION 
It is t h e re£ore an oWecfcof thls ' inV6ntion fco aMiiorata 
«c, rem s„t ion . d dlsadvantages Md . CCOMlngly ^ interMj 
0-lm.tIo. e„ gine ». dlsclosed ha „ inff at least ^ 

'7 lt,ii,illy ° pp — ■*«■ 81ectricity generating 

st.tor Bea „s fixsd relative theret ^ respectjve pistMs 
-ran ffea in said cyllnders ^ ^ ^ 
co np ression a „ d power Btrokes , ^ ^ ^ ^ 

; ntroduoing air ~ a ^ — «.*«. cyll „ der6 prior 

to s a3d c ompression Btrok ^ outut vawe meM3 f ^ ^ 

o £ 9Jthaust ffases foUowlnff pQwer ^ ^ 

so- P-tons iaing link9d together a uMar 

««, respect to s aid stator ^ ^ 
e:ect rioal energy and said lnlst vawe Mans beins 

n s aid pls to„ s and comprising a ^ 
thereof. 

BRIEF DESCRIPTION 0F THE DRAWINGS 
The currently preferre<i emhodiment 

he described with M , invention will now 

with reference to the af-i-^K ^ - 

tne att ached drawings in 
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which:- 



Figure 1 shows a cross-sectional schematic view of 

a free-piston engine along the centre axis 

of the cylinders. 
Figure 2 shows a cross-sectional view of the engine 

along the . Lines A-A., of ^ figure 1, and 
Figure 3 is a cross-sectional view of the engine 

along the lines B-B of figure 1 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
Keferring first to figure 1 ^ ^ ^ ^ ^ 

are the longitudinally opposed cylinder Mock. 1 and 2. the 

cylinder heads 3 and 4 +•>,<=. 

4 ' the P lst °«s 5 and 6. linear actuator 
7 and electricity generating stator 8. 

As with prior art free-piston engines the cylinders f i re - ' 
alternately in the two stroke cycle and the resulting 
reciprocating linear motion is converted into electrical 
energy ny means of relative movement between the Hnear 
actuator and stator assemblies. 

with this inventio „ _ the 

comprise poppet valves 9 which ST -« i 

or power stroke i„ , • ' ( the mansion 

" CyIlMer l - S °'» ^ inlet val ve , oni 
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exhaust ™.ve , are thus ope „ tQ enaMe 

exchange, or scavenging procegs to take p ^ intajte ^ 
101 for this scavenging process „ as compressed ^ 
actuator compression chamber u durinff the preMding 
expansion strode o, plston 5 . ^ prassure ^ ^ 

intake gas 10A is sufficient to open the iniet vaive 9 in th> 
Piston a against both the force of coir spring 20 and the 
opposing Mnetic force from deceleration of the va.ve mass 9 
at the end of the power stroke. During this g as exchange 
process the oool intafce gas WA passes through the Hnear 
actuator heat exchanger 23. the charge pipe 13 . the plston 
heat exchanger M and the iniet vaive 9 hefore entering the 
combustion chamber „. ne incomi „ s ^ ^ ' ^ 

assists the evacuation of the exhaust gas through the exhaust 

or outlet valve 10 and port 32 Th-*.- • 

. P ° rt 32 ■ The - re 13 * control solenoid 

<21 in the cylinder head 3 Thi^ 4-v. 

««i o. ihis opens the exhaust valve 10 

for selected variable time nsri^c * 

PSriods to °Ptamise the efficiency' 
of the gas exchange at a given power consumption. Po r 
-ample, at low power consumption only a small amount of 

exhaust gas is evacuated throuah , 

throu ^ the valve 10. This in turn 
limits the entry of intake gas m to 

y iUA to the mass required to 
—tain the desired 141 . speed of the engine. Such 
arrangement reieases a minimum amount of pressure in the 
combustion chamber durinrr ^ 

dUring the gas exchange process to ra * 

long enough to evacuate substantia,^ an o t ^ 

™- the maximum Bass of fresh k 

rresh intake gas IDA t-^ -~4- 
the combustion chamber. As with the . 

with the prior art valve-in-p iston 
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engine the laI . t valve , is ^ ^ ^ ^ 

compression stroke against the opposing kinetic forces of 
deceleration by gas pressure in the chamber 15. 

The opposite engine piston 6 is shown by fl g Ur e t in the 
ignition position after having completed a compression 
stroke. There is a linear heat exchange* .24, charge pipe ISA 
and outlet port 32A associated- with -piston 6 and cylinder 2 
similar to that described earlier but orientated at 90 
degrees as shown in figur e 3 . During this compression stroke 
of paston 6 fresh intake gas 10B was drawn by the linear 
actuator 7 in through the inlet 17. the ring chamber IB. the 
ring valve » and into the compression chamber 12. Puring the 
next expansion or power stroke of piston 6 after ignition 
this gas XOB will be compressed in chamber 12 to comprise the 
subseguent intake charge for the combustion chamber 16 of 
cylinder 2. 

The nnear actuator 7 is eguipped with gas seals 22 on both 
ends to facilitate its function as a compressor p iston for 
the gas exchage process. This eliminates the need for , 
external intake gas charging devlce . Betwee „ ^ electr 

generating stator 8 and the ii„ aar * , 

. , the lanear actuator there is also a 

cylindrical sleeve 2 C ? 

PrOVlieS * aynaBic -ting surface 

::::r:;:i: — - °— - - - 
- ^zzzz'z^r — — — 

hagh temperature composite plastics 



WO 01/94752 

PCT/AU01/00560 

-6- 

which may be either deposited on the surface or pressed into 
the bore of the stator 8. 



Although in the illustrated example of the engine only a 
single inlet and outlet valve are shown for each cylinder the 
invention extends to the use of more than one- inlet valve in 
each piston and more than one outlet valve- in each cylinder 
head. 

Other components of the preferred embodiment as shown in the 
drawings are as follows:- 

27 Cooling water jacket 

28 Electricity generating coils 

in Electric power outlet junction box 

30 Permanent magnets 

31 Permanent magnet back iron 

It will thus be appreciated that this invention at least in 

the form of the embodiment disclosed provides a novel and 

useful improvement to free-piston internal combustion 

engines. Clearly however the example disclosed is only the 

currently preferred form of the invention and a wide variety 

of modifications may be made which would be apparent to a 

Person s*ili ed in the art. For example the shape and 

configuration of the valves and linear actuator gas 

compressor may be changed according to engine design 

retirements. A1 so. while the engine described has only two 
opposed cy iinders the invenfcion ^ ^ 

number of pairs . y 
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The claims defining the invention are as follows: 

1. An free-piston internal combustion engine of a tyP e 
having at least one pair of longitudinally opposed cylinders 
Kith electricity generating stator means fixed relative 
thereto, respective pistons arranged in said cylinders for 
cycles o, reciprocating compression and power strokes. i„ le t 
valve means for introducing air:or a fuel mixture into said 
cylinders prior to said compression stroke, outlet valve 
*eans for the expulsion of exhaust gas following said power 
stroke and said pistons being li„ ked together with a linear 
actuator for movement therewith whereby during operation of 
said engine the reciprocating strokes of said pistons and 
Hnear actuator with respect to said stator means generates 
usable electrical energy and said inlet valve means being 
heated in said pistons and comprising a portion of the heads 
thereof . 

2. The free-piston internal combustion engine as claimed in 
claim 1 wherein said cylinders fire alternately in a two 
stroke cycle. 

l:2\T piBton lnternal conimstiM — * - — 

opposed cyli„ de rs and said linear actuator is loeat „ „ f 
«i« respective pistons. ^ 

4 ,ree - PiSt °" ™°» eng lne as claimed i„ 
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claim 3 wherein said air or fuel mixture is drawn into a 
compression chamber associated with said linear actuator 
during said compression strokes. 

5. The free-piston internal combustion engine as claimed in 
claim 4 wherein said air or fuel mixture is compressed in 
said compression chamber during said .power strokes before 
introduction into said cylinders,. 

6. The free-piston internal combustion engine as claimed in 
claim 5 wherein said inlet means are poppet valves which are 
biased to a closed position by springs and said air or fuel 
mixture is compressed to a pressure that opens said poppet 
valves against said springs and opposing kinetic forces to 
initiate gas exchange at the end of said power strokes. 

7. The free-piston internal combustion engine as claimed 'in 
claim 6 wherein during the compression strokes the inlet 
valve means are held closed by gas forces in the cylinders 

8. The free-piston internal combustion engine as Maimed in 
claim 7 wherein said combustion chamber formed by a 

cylindrical sleeve disnosed -i n «=^ 

disposed mside said stator means and said 

I" 6 " """^ " - -is to engage said 

^eve and act as a reciprocating compressor p iston . 

9 - The free-p is ton internal combustion engine as claimed in 

claam 8 wherein said outlet valve means 

aive means are poppet valves 
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located in the heads of said cylinders and are opened by 
solenoids for variable periods to optimise the efficiency of 
said gas exchange at a given. power level. 

10. The free-piston internal combustion engine as claimed in 
claim 9 wherein said cylindrical sleeve is formed from a 
ceramic or a high temperature plastic. 



WO 01/94752 



PCT/AUM/00560 




WO 01/94752 



PCT/AU01/00560 




WO 01/94752 



PCT/AU01/00560 




This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□, LINES OR MARKS ON ORIGINAL DOCUMENT 



fcj REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 



